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Studies Related to Wilderness

The Wilderness Act (Public Law 88-577, Sept. 3, 1964) and related Acts 
require the U.S. Geological Survey and the U.S. Bureau of Mines to survey 
certain areas on Federal lands to determine their mineral resource 
potential. Results must be made available to the public and be submitted to 
the Administration and the Congress. This report presents the results of a 
geochemical survey of the Hells Hole Further Planning Area (RARE II), Greenlee 
County, Arizona and Grant County, New Mexico.

INTRODUCTION

A geochemical reconnaissance investigation was undertaken in the proposed 
Hells Hole Further Planning Area (RARE II), Arizona-New Mexico in 1979-1980. 
This report presents the raw analytical results from geochemical sampling in 
the area, some statistical analyses of the data, and a discussion of the 
methods used.

Samples were taken intermittently from 1977 through 1980, with the bulk 
of the sampling done in the spring of 1979. Earlier sampling was done in 
conjunction with geochemical studies of the Silver City 1° x 2° quadrangle as 
part of the Conterminous 
That portion of the area 
quadrangle.

United States Mineral 
lying south of 33° N.

Appraisal Program (CUSMAP). 
latitude is in the Silver City

This sampling program utilizes primarily the magnetically separated 
heavy-mineral fractions obtained from pan concentrated, stream-sediment 
samples. This method of geochemical exploration (Hassemer and others, 1979; 
Watts and others, 1978) is particularly suited to bedrock areas of the 
Southwest, a region where weathering is dominated by mechanical disintegration 
and migration of metals is dominated by mechanical dispersion.

METHODS 

Sampling and sample-preparation methods

Sampling was accomplished by helicopter, jeep, and foot traverses. The 
majority of the alluvial samples was collected from small tributaries, many of 
which drained areas measuring <1 mi^ (<3 km ). This sampling procedure should 
increase the chances of finding small mineral deposits, if they occur, as well 
as the chances of determining mineral zonation patterns, if present. 
Furthermore, cumulative dilution effects result from the incremental 
introductions of barren material and these effects increase with the increase 
in catchment area. This is a type of interference that can be somewhat 
circumvented by sampling tributaries of small drainage area rather than the 
larger drainage systems.

The sample material was gathered with an army-type entrenching tool, 
occasionally aided by the vigorous use of a prospector's pick where holes were 
required or boulders were removed. Where possible, the sediment was collected 
at oblique angles to the active drainage, channel, across its full width, and 
as deep and close to underlying bedrock as practicable. If the active



sediment channel was more than 1 foot (0.3 m) wide, the sample was composited 
from a series of random sites across the full width.

If a choice of channel locations was possible, the sample was taken from 
the center of a long, flat run; if the stream had a stepped-bed morphology, 
the sample was taken between the riffles. In intermittent high-energy streams 
such locations are most likely to be that portion of the alluvial channel 
where the flat-bed (plane-bed) condition of the upper flow regime would 
occur. This bed-form configuration has been shown to have the least amount of 
sorting in the heavy minerals (Brady and Jobson, 1973). Such poorly sorted 
accumulations should contain the maximum variety (widest range of specific 
gravities) of heavy minerals that are conveniently obtainable.

At each sample site, two samples were taken. About 12 Ib (5 kg) of bulk 
alluvial gravel was collected for the purpose of panning a heavy-mineral 
concentrate. This sample was collected into a 10- x 16-inch canvas bag, a 
size that experience has shown will yield a sufficient volume of concentrate 
for geochemical exploration purposes when processed by a person moderately 
qualified in panning technique. The second sample consisted of about 1 Ib 
(1/2 kg) of alluvial material from which the larger pebbles were removed and 
was collected into a geochemical sample envelope. The paper envelope 
prohibits loss of the very fine grained material, especially the clay minerals 
on which adsorbed metals might occur. This sample was subsequently air-dried, 
sieved to <80 mesh (<0.177 mm) using a mechanical sieve shaker and analyzed by 
semi quantitative emission spectrography.

The bulk alluvial sample provided the two principal sample media used in 
the geochemical interpretation of the study area. Panning is the first of a 
number of processing steps and is performed for several reasons: first, 
panning removes the organic and fine- and clay-sized materials which otherwise 
might act as a cement to bind the heavy-mineral grains together, or which 
might act as a coating agent and prevent the identification of the mineral 
grains. Second, the panning greatly reduces the volume of material that needs 
to be processed during the heavy-liquid separation step. Finally and most 
importantly, panning reduces the proportions of barren material relative to 
the minerals of interest. The minerals of interest are those ore-related 
ones, generally having a high specific gravity, which are indigenous to the 
sample locality. By physically concentrating those minerals related to the 
mineralizing process the metal values obtained are greatly enhanced. This 
enhancement is increased even further in several of the following processing 
steps which further isolate the minerals of interest:

(1) Air and(or) low-heat dried.
(2) Sieved to <16 mesh (<1.2 mm); coarse discarded.
(3) Preliminary removal of magnetite by hand magnet; magnetite 

discarded.
(4) Bromoform separation; light fraction (specific gravity <2.85) 

discarded.
(5) Washed with acetone and dried.
(6) Further removal of magnetite by hand magnet; magnetite discarded.



(7) Electromagnetic separation using a Frantz Isodynamic Separator at 
0.1 amp and 1.0 amp (forward setting 25°, side setting 15°). The 
fraction magnetic at 0.1 amp (mainly residual magnetite) 
discarded. The final setting at 1.0 amp yielded the two fractions 
to be analyzed:

(a) Nonmagnetic at 1.0 amp (NM-1) fraction—The fraction where most 
of the major rock-forming minerals have been removed leaving 
such minerals as sphene, apatite, and zircon in unmineralized 
areas, calc-silicate minerals in skarn zones, and in 
mineralized zones, contains most of the common, primary and 
secondary ore minerals such as sulfides, sulfates, sulfosalts, 
carbonates, and halides. Such minerals as galena, 
chalcopyrite, smithsonite, cerargyrite, gold, barite, fluorite, 
and cassiterite, if they are present, will be found in this 
fraction.

(b) Magnetic at 1.0 amp (M-l) fraction—The fraction that contains 
the heavy mafic rock-forming minerals such as biotite, 
amphibole, and pyroxene. More importantly, this fraction 
contains the manganese oxides and iron oxides, including 
limonite derived from sulfides. Such minerals as pyrolusite, 
wolframite, specular hematite, columbite, and gossan minerals, 
if present, are found in this concentrate fraction.

(8) Microscopic examination for mineralogy (in general, a brief scan) 
and assessment of processing quality.

(9) Pulverization to <150 mesh (<6.10 mm) using an agate mortar and
pestle. 

(10) Analysis by semiquantitative emission spectrography.

Because the sample collection procedure was designed to obtain a maximum 
variety of heavy minerals, and hence the widest range of mineralization, the 
procedure may not apply equally well to all metal occurrences. For example, 
due to the poor spectrographic detection limits for gold (<20 ppm in the 
concentrate fractions) and because it is not not always appropriate or 
feasible to dig deep enough with the entrenching tool to obtain gold, its 
presence in certain areas could very well have gone undetected.

Gold was observed during the mineralogic scan in only one sample (78 YV 
216), but was not detected in the spectrographic analysis of that sample. 
This occurrence is not unusual. In a study of 518 sample sites in the Silver 
City, New Mexico area, Hassemer and others (1979) reported that of those 
samples containing gold, gold was detected visually in approximately 10 
percent of the samples, but not by spectrographic analysis; while gold was 
detected by analyses in about 20 percent of the samples, but not visually. 
The detection of gold visually, but not by analysis, probably results from the 
malleable nature of the gold which prevents its being mixed throughout the 
sample during the pulverization step. Thus gold may or may not be present in

Use of specific brand names is for descriptive purposes only and does not 
constitute endorsement by the U.S. Geological Survey.



the analytical sample when it is taken from the pulverized fraction. Gold 
that is found in the analysis, but not observed visually, may be a constituent 
of another mineral (for example, pyrite) or may be fine-grained free gold that 
was hidden from view by larger grains.

Another problem inherent to panned concentrates is the possible loss of 
the very fine grained minerals. In a massive study of 113,000 panned 
concentrates collected from a 19,000 mi (50,000 knr) area in the Massif 
Armoricain, Guiges and Devismes (1969, p. 76) found that it was impossible to 
recover conveniently, minerals whose dimensions were less than 0.004 in (0.1 
mm), and they warn that there may be poor detection of those minerals that are 
smaller than these dimensions.

The factors that effect the recovery of the fine grained minerals include 
the specific gravity of the mineral, the particle shape, the particle size, 
and the settling time allotted per sample during the heavy-liquid separation 
process (Tourtelot, 1968). Surprisingly, the experience of the panner beyond 
the initial learning process has little effect on overall recovery rates of 
the heavy minerals (Theobald, 1957).

Fortunately, the existence of a problem resulting from very fine grained 
minerals is frequently flagged by the combination of spotty occurrences and a 
wide range in the metal values. Samples containing very high values are 
normally surrounded by samples having lower, yet still anomalous, values. The 
problem of fine-grained ore minerals is distinguished from contamination by 
the association of elements occurring both at the particular sample site and 
at neighboring sample sites representing adjacent drainages.

The possibility that this problem may occur in the Further Planning Area 
is suggested by a study of polished sections in the adjacent Steeple Rock 
mining district by Griggs and Wagner (1966). They found that the gold was too 
finely divided to be resolved by microscope (p. 19), and the principal silver 
mineral to be fine-grained argentite (p. 20).

One of the advantages of the use of panned concentrates results from the 
mineralogical scan and lies in mineral identification. The detection of gold 
was discussed earlier. Another mineral of interest readily identified in the 
mineralogical scan is fluorite. However, with the exception of one sample (79 
BL 619) which contained a significant amount of fluorite, all fluorite 
occurrences were in samples taken south of 33° N. latitude. The distribution 
and abundance of fluorite in this area is covered in a previously published 
report (Watts and Hassemer, 1980).

Another advantage of the use of panned concentrates and the mineralogical 
scan lies in the identification of contamination. In areas that have 
intensive hunting activity, lead in the form of shot, slugs, or fragments of 
slugs, can create a contamination problem. In the Silver City area, a study 
involving 518 nonmagnetic (NM-1) concentrates (Hassemer and others, 1979) 
found that over 2 percent of the samples contained readily identifiable lead 
shot or slug fragments. In the Hells Hole Further Planning Area such lead was 
removed from three samples (79 BL 330, 343, and 402) when the samples were 
scanned under the microscope. Unfortunately, such lead can be easily oxidized 
and pass unnoticed in a rapid scan for mineralogy. This type of lead can be 
seen in the analytical data for three samples (79 BL 301, 331, and 402). This



lead contamination is recognized by extremely high values (>10,000 ppm), 
isolated occurrences, and an association with high bismuth and antimony values 
which are also isolated values. An isolated sample that is very high in lead, 
such as 79 BL 618, is tentatively assumed to be associated with or at least 
partially related to mineralization because the sample is found to contain 
other anomalous metal values and is located in an area where adjacent sample 
sites area also anomalous in those metals.

The <80-mesh sample, lacking the enhancement characteristics of the 
concentrate samples, in general shows either greatly reduced anomalies, both 
in metal values and in areal extent, or shows no anomalous metal values at 
all. An example may be found in Watts and others (1978, Table IV), which 
compares silver and zinc values in concentrate samples, NM-1 and M-l, and <80- 
mesh samples from the Georgetown silver district. The reduced anomaly 
characteristic of the <80-mesh sample seems to apply to the Hells Hole Further 
Planning Area. The exception to this generalization is copper whose high 
values are nearly ubiquitous in this sample medium. These anomalous copper 
values occur unrelated to rock lithology, structure, or anomalous areas 
indicated by the concentrate data, and effectively blanket the entire study 
area showing little variation over a small range of values. A similar case of 
"blanket" high copper values was observed by Hassemer and Watts (unpublished 
data) to occur in both sieved stream-sediment samples and in sieved soil 
samples collected in the Lone Mountain district near Hurley, New Mexico. The 
similarity of these two occurrences suggests that they may have a similar 
genesis, as yet undefined.

The <80-mesh sample was taken for several reasons: the possibility of 
detecting adsorbed metals, its familarity to some readers, its use in the 
determination of a geochemical census, and the possibility of its future use 
as a comparative sample for environmental studies.

Rock samples were taken where appearance or structure indicated the 
possibility of detecting mineralization or suites of elements related to 
mineralization. Prospects, faults, veins, dikes, and altered-appearing rocks 
were sampled when opportunity arose, but no attempt to systematically sample 
rocks was made. Rock samples consisted of grab, chip, and composite mine dump 
samples. These samples were mechanically crushed and pulverized to <150 mesh 
and analyzed by semiquantitative emission spectrography.

Analytical methods

All samples were analyzed by semiquantitative emission spectrography for 
the determination of Fe, Mg, Ca, Ti, Mn, Ag, As, Au, B, Ba, Be, Bi, Cd, Co, 
Cr, Cu, La, Mo, Nb, Ni, Pb, Sb, Sc, Sn, Sr, V, W, Y, Zn, Zr, and Th (Th was 
not analyzed in all samples) using the field method of Grimes and Marranzino 
(1968). Results of these spectrographic analyses for all of the sample media 
were measured within geometric intervals (for example, boundaries at 1,200, 
830, 560, 380, 260, 180, 120, and 83 in ppm) but were reported as the 
approximate geometric midpoints (1,000, 700, 500, 300, 200, 150, and 100 ppm 
in the example given above). Thus the values are reported as a series of six 
steps per order of magnitude.



The lower limits on the spectrographic standard for the semi quantitative 
emission-spectrographic analyses of stream sediments and rocks were as 
follows: (Ti, Mg, Fe, and Ca are reported in percent; all other elements are 
reported in ppm) Ti, 0.002; Mg, 0.02; Fe and Ca, 0.05; Ag,0.5; Be, 1; Co, Cu, 
Mo, Ni, and Sc, 5; Mn, Au, B, Bi, Cr, Pb, Sn, V, Y, and Zr, 10; Ba, Cd, La, 
and Nb, 20; Sb and Sr, 100; and As and Zn, 200.

The upper limits on the spectrographic standard for semiquantitative 
emission-spectrographic analyses of stream sediments and rocks were: (Ti, Mg, 
Fe, and Ca are reported in percent; all other elements are reported in ppm) 
Ti, 1; Mg, 10; Fe and Ca, 20; Sc, 100; Au and Cd, 500; Be, Bi, La, Sn, and Zr, 
1,000; B, Co, Mo, Nb, and Y, 2,000; Ag, Ba, Cr, Mn, Sr, and Ni, 5,000; As, Sb, 
W, V, and Zn, 10,000; and Cu and Pb, 20,000.

In 1978, Th was added to the list of elements determined; lower limit 100 
ppm, upper limit 1,000 ppm.

The two fractions of heavy-mineral concentrates are measured and reported 
two spectrographic intervals higher than those of stream sediments for both 
the upper and lower limits of detection. These changes in limits are made 
because the standard weight of 10 mg of sample used in conventional analyses 
is reduced to 5 mg of heavy-mineral concentrate to allow for the addition of a 
quartz diluent to the graphite buffer to reduce element interferences (high 
background) inherent to the analysis of heavy-mineral concentrates and to 
provide a matrix composition more comparable to that of the standards. 
Frequently other individual variations occur in boundary limits of the 
concentrates, especially in the nonmagnetic (at 1.0 amp) fraction. Increases 
in both the upper and lower limits are usually a result of less than 5 mg of 
sample being analyzed (short weight), whereas decreases in upper limits 
usually result from interferences. For most elements these differences are 
not critical to the data interpretations.

For purposes of geochemical exploration, experience has shown that the 
analytical precision of semiquantitative emission spectrography is well within 
practical requirements for most of the elements, especially with the enhanced 
values possible from the analysis of concentrate fractions. The studies of 
Motooka and Grimes (1976), making use of repeat analyses by a number of 
analysts and instruments, found that reported values fall within one adjoining 
reporting interval 83 percent of the time and within two adjoining reporting 
intervals 96 percent of the time for all of the elements.

There were 61 rock sample sites and 186 stream-sediment sample sites 
established in this study, but sometimes an inadequate amount of nonmagnetic 
material prohibited the analysis of that fraction. As a result, there is more 
data available for the magnetic-concentrate fraction and the <80-mesh sample 
than for the nonmagnetic-concentrate fraction. The available analytical 
results for all of the samples are tabulated in their entirety on table 3. 
Analytical results for the nonmagnetic at 1.0 amp (NM-1) heavy-mineral 
concentrates begin on page 89, the magnetic at 1.0 amp (M-l) on page 101, the 
<80-mesh (<.18 mm) stream sediments on page 116, and rocks on page 131.

The column listings on table 3 are arranged so that column 1 contains the 
sample identifiers. The first two numbers of the sample identifier designate 
the year the sample was collected. The next two letters indicate the 7.5- or



15-minute U.S. Geological Survey topographic quadrangle in which the sample 
was collected. The letter abbreviation and corresponding quadrangles are as 
follows: BL, Big Lue Mountains; MC, Mule Creek; ST, Steeple Rock; 
YV, York Valley.

The three numbers following letter abbreviations are the unique 
identification of the sample site. Letter suffixes or a blank space at the 
end of the sample number have the following meanings: N, nonmagnetic (at 1.0 
amp) heavy-mineral concentrate; M, magnetic (at 1.0 amp) heavy-mineral 
concentrate; R, rock sample; (no suffix), <80 mesh stream sediment.

Rock samples collected by J. C. Ratte have similar designations except 
the year is indicated by the last two numbers.

The latitude and longitude for each sample locality is shown in degrees, 
minutes, and seconds in columns 2 and 3. The remaining columns list the 31 
elements for which data are available.

The following examples illustrate the element column headings: S-Fe%, 
Semiquantitative spectrographic analyses of iron in percent; S-Mn, 
Semi quantitative spectrographic analyses of manganese in ppm.

Data qualified (censoring) codes are used with some reported values. 
Symbols used are: N, not detected at the lowest level of the spectrographic 
standard; <, detected, but below the value shown; >, greater than the value 
shown; --, no data available.

The analyses for this report were performed by Carl L. Forn and Elwin L. 
Mosier, with assistance by G. W. Day, M. S. Erickson, D. F. Si ems, and B. J. 
Steiner.

Statistical methods

All data listed on table 3 were entered into the U.S. Geological Survey 
computer data storage system entitled RASS (Rock Analyses Storage System). 
The data were retrieved from this system and processed using U.S. Geological 
Survey STATPAC (statistical package) computer programs (Vanfrump and Miesch, 
1976) for the reduction and statistical analyses of data that can be presented 
in the form of a two-dimensional matrix. The calculation of univariate 
frequency distributions as well as the basic statistics (maximum, minimum, 
mean, and so on) were performed on log transformed data. The statistical 
summary of the results is presented on table 1 (p. 12).

Spearman rank correlation coefficients were calculated utilizing another 
STATPAC program. Since Spearman and Kendall rank correlations have the same 
power-efficiency (Siegal, 1956), the better known Spearman rank correlation 
was used here. Rank correlation is an appropriate correlation analysis for 
trace-element data, especially semiquantitative data, because, being a 
nonparametric analysis, no assumptions are made with regard to the prevailing 
frequency distribution. For that reason, it usually produces more realistic 
values than Pearson product-moment calculations using log-transformed data 
based on an assumption of approximate log normality. As is the case with 
other types of correlation coefficients +1.00 indicates perfect positive



correlation between variables, -1.00 indicates negative correlation or 
antipathy and 0.00 indicates random relationship or lack of dependence between 
variables. Most coefficients fall somewhere between these extremes.

The Spearman rank correlation coefficients for the samples were 
calculated on the raw analytical values. As can be seen on table 1, however, 
the principal advantage in the use of concentrate fractions, their greatly 
enhanced values, can result in a disadvantage, a corresponding increase in 
qualified values. For example, of the 52 magnetic (M-l) fraction samples 
containing 100- or more-ppm niobium, 71 percent had the "greater than" 
qualifying codes for the corresponding titanium values and likewise for 87 
percent of the corresponding manganese values. These element pairs would 
normally be deleted from the calculation of the correlation coefficient. The 
percentage of deleted pairs would rise to 100 percent for the highest niobium 
values (_>l,000-ppm). This problem was somewhat alleviated by changing the "G" 
qualifying codes for both the NM-1 and M-l fractions to the value that the 
next higher spectrographic report interval would be for that element as if 
there was not an upper limit. This change is practicable because this is a 
correlation by rank order and not by absolute value. Similarly, "L" qualified 
values were changed to the next lower report interval. The "N" qualified 
values were not changed. As can be seen on table 1, when an element has the 
"not detected" qualifying code frequently all or nearly all of the report data 
for the element is so qualified. A further modification of the NM-1 fraction 
was the deletion of three contaminated samples (BL 301, 331, and 402) from the 
statistical data set.

In addition to the entire area data set, three subsets of data for each 
of the two concentrate fractions were chosen that represented different 
combinations of anomalous elements. These are: the Twin Peaks-Willis Ranch 
area lat 32°54'30" to 32°56'45", long 109°01'30" to 109°05'00"; the Sawmill 
Creek area lat 33°00'30" to 33°03'00", long 108°59'00" to 109°02'00"; and the 
Coal Creek area lat 33°03'12" to 33°06'05", long 109°02'00" to 109°04'30". 
Two of the areas, the Twin Peaks-Willis Ranch area and the Sawmill Creek area, 
contained a sufficient number of rock samples for correlation analysis. Since 
only a few rock samples were taken outside of these two areas, correlation 
analysis for the entire rock data set was not performed. Subsets of the <80- 
mesh stream-sediment samples were not created.

Table 2 (p. 16) contains the Spearman rank correlation coefficients and 
the test of significance of the correlation coefficient in terms of the normal 
distribution for the data set and subsets. In computing the correlation 
coefficient between two columns, only those values from the given columns for 
which both values were unqualified were used. If either column contained less 
than three unqualified values or if either column contained the same value, 
the computation of the correlation coefficient between these two columns was 
skipped. If a column contained all qualified values, then this column was 
omitted from the data table. The elements skipped are Au in the nonmagnetic 
(NM-1) concentrate fraction; Au, Bi, Cd, and Sb in the magnetic (M-l) 
concentrate fraction; and As, Au, Bi, Cd, Sb, W, and Th in the <80-mesh 
stream-sediment sample. Additional elements are skipped in the various 
subsets.

For those wishing to make more extensive use of table 2, Edwards (1976, 
p. 102) has shown that when n, the number of samples, is greater than 10, the



rank order coefficient may be approximated by the t distribution with n-2 
degrees of freedom when the null hypothesis (RHO = 0) is valid. Thus it is 
not necessary to use the sign test (t) to determine if the coefficient is 
significant for most element pairs in table 2. Standard tables for values of 
the correlation coefficient at different levels of significance may be used 
with n-2 degrees of freedom if the table uses numbers of samples (see Koch and 
Link, 1970, table A.8), or with the number of degrees of freedom as given in 
table 2 directly if the table uses degree of freedom (see Beus and Grigorian, 
1975, table 69). For small numbers of samples Edwards (1976, table IX) has 
calculated some selected coefficients for n = 4 to n = 10.

Beus and Grigorian (1975, p. 273) state that experience has shown that a 
probability of 95 percent is acceptable in the interpretation of geochemical 
data. Although not stated in the text, their table of values indicates they 
mean 95 percent probability when the two-sided test of the null hypothesis of 
independence is true. We feel that tables where the one-sided test of null 
hypothesis is true (see Koch and Link, 1970, table A.8) may also be used at 
the 95 percent probability level.
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Table 2.--Spearman rank correlation coefficients for nonmagnetic (NM-1) and 

magnetic (M-l) heavy-mineral concentrate samples, <80-mesh stream- 

sediment samples and rock samples, Hells Hole Further Planning Area 

(RARE II), Greenlee County, Arizona-Grant County, New Mexico
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Table 3.—Analytical results for nonmagnetic (NM-1) and magnetic (M-l) 

heavy-mineral concentrate samples, <80-mesh stream-sediment 

samples, and rock samples, Hells Hole Further Planning Area, 

(RARE II), Greenlee County, Arizona-Grant County, New Mexico
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